The Rhodes trout fishery, located in the North Eastern Cape, is one of South Africa's premier flyfishing destinations. The integrity of the fishery is, however, under threat due to various land-use practices, which could weaken its appeal as a tourist attraction. The aim of this study is to estimate the amount recreational users are willing to pay for a project to improve the trout habitat of waters managed by the Wild Trout Association (WTA) in this fishery in order to improve its fish population density by 100 per cent. Data were collected from a biased sample of 96 respondents via a questionnaire during September 2006 to September 2007. The median estimated willingness-topay (WTP) for the project was R245 per annum per person, and the total WTP was estimated at R171 500 per annum. A valuation function to predict WTP responses was also estimated, and showed that gross annual pre-tax income and the number of visits per annum were positive determinants of WTP. The results of this study show that policy-makers should take heed of the importance trout fly fishers attach to this fishery when declaring trout zones in the upper catchments of South Africa. The aggregate WTP estimation, however, constitutes only a partial analysis of value. A number of other factors and environmental value streams need to be analysed and compared with the value estimates generated by this study if adequate holistic decision-making is to take place with regard to trout stream improvement. More specifically, the aggregate WTP estimated in this study must be viewed as only one input into a comprehensive social cost-benefit analysis to determine the desirability of trout stream improvement for wider society.
Introduction
The Rhodes trout fishery, located in the North Eastern Cape, is one of South Africa's premier fly-fishing destinations. This fishery is important from an economic perspective since it provides a two-tier service: first, as a source of household income in one of the most rural and underdeveloped areas in South Africa, and second, as a creator of tourism-related job opportunities (Bainbridge, Alletson, Davies, Lax & Mills, 2005) . The integrity (in terms of trout habitat) of the fishery is, however, under threat due to various land-use practices, which could weaken its appeal as a tourist attraction (Steynberg, 2008) . The land use practices mainly responsible for this degradation include grazing, dam and road construction and numerous other agricultural practices, such as cultivated lands adjacent to streams. Very little, if any, improvement of the rivers and streams comprising the Rhodes fishery has occurred over the last century (Steynberg, 2008) .
Trout stream improvement programmes are very popular in the United States of America (see Hunter, 1991) . In most cases, stream improvement entails the strategic placement of cover structure, such as boulders, half logs and bank covers, so as to increase the number of in situ hiding places for fish, as well as the protection of naturally occurring riparian vegetation. The latter entails fencing off the riparian corridor adjacent to the stream. Studies have shown that this type of improvement increases population densities (i.e. the number of fish per unit area -per acre in the case of the United States) by between 40 and 2 300 per cent, depending on the increased percentage cover provided (see Quinn, 1994; Hunt, 1988; Hunt, 1992) . More specifically, a seminal study of stream improvement involving cover enhancement in Montana, United States of America, showed that the abundance of trout increased by more than 300 per cent following the addition of cover to approximately 5 per cent of the stream area (Boussu, 1954) .
Although it may appear that trout stream improvement, as described above, is solely focused on the manipulation of the stream in favour of trout, the overall goal is to allow the stream to heal itself (Hunter, 1991) . A healthy stream and riparian zone not only benefits trout but also improves water quality, stream bank stability (i.e. reduced erosion), and the preponderance of aquatic insects and instream vegetation (Hunter, 1991; Quinn, 1994) . Indigenous fish species, such as yellowfish, which coexist with alien trout in some of the waters of the Rhodes fishery for parts of a year, may very well also benefit from improved stream and riparian area conditions as many of their requirements for survival and reproduction are not too dissimilar from those of trout (Steynberg, 2008) . A study by Quinn (1994) showed that trout stream improvement projects had a positive effect on the size of populations of other fish species communities.
Over and above fish abundance, fishing success 1 also, however, depends on many other exogenous factors, such as the level of angler skill, the type of fishing that takes place and the time when fishing takes place. This paper, however, does not incorporate these factors, but rather suggests that an increase of in situ cover and streamside vegetation due to stream improvement leads to a higher carrying capacity, which increases the density of trout stock, which makes it easier for fly fishers to catch fish. 2 The authors acknowledge that fly fishers with dissimilar skill levels will undoubtedly catch dissimilar numbers of trout.
The value of catching more fish, especially trout, is important from a resource policy point of view. Recent government legislation (i.e. the National Environmental Management: Biodiversity Act, No. 10 of 2004), which calls for the complete eradication of trout from certain South African catchments (National Environmental Management Amendment Act, 2004), could have a detrimental effect on the people who are dependent on these trout for their livelihoods. Monetary estimates of peoples' preferences for catching more trout can assist in fishery management decisions, such as awarding zoning rights for trout fisheries in upper catchments. According to the Act, trout in South Africa will be managed by means of a zoning system.
3 Within the declared zones, trout fishing and farming will be promoted but outside the zones, trout fishing and farming will be strictly controlled, which includes eradication. These estimates can also be of use in comprehending the benefits associated with water quality improvement projects (McConnell & Strand, 1994) . There is a lack of South African studies that have attempted to estimate a value of peoples' preferences for improved trout fishing quality. 4 This study endeavours to partly fill this gap. More specifically, the objective of this study is to estimate respondents' willingnessto-pay (WTP) for a project that would improve the trout habitat of parts of the Rhodes fishery in order to improve its fish population density by 100 per cent. 5 The improvement project would entail adding cover, by means of the strategic positioning of boulders, half logs and bank covers, to approximately five per cent of the stream area, as well as the protection of the riparian corridor by means of fencing.
It should, however, be borne in mind that this study constitutes a fractional analysis of value which should be applied in wider decisionmaking. Accordingly, it is important to analyse the private and social costs of trout stream improvement and compare these in a social cost-benefit framework with the value estimates generated in this study.
The rest of the paper is organised as follows. Section 2 describes the study area. Section 3 presents a description of the research methodology applied and the data collection process. In Section 4 the collected data are analysed and results presented. Section 5 provides conclusions and recommendations.
The study area
Rhodes is situated in the North-Eastern Cape and falls under the Ukhahlamba district (see Figure 1 below). Wool and meat farming and tourism-related businesses are the main commercial activities in Rhodes (Senqu Tourism, 2008) . The primary catalyst behind the development of Rhodes is its attractiveness as a tourist destination. Tourists visit Rhodes to enjoy recreational activities such as fly-fishing, hunting, horseback riding, mountain biking, bird watching, hiking and snow skiing. The rivers and streams that comprise the Rhodes fishery are easily accessible and mainly inhabited by a self-sustaining population of wild trout (both Rainbow and Brown) and for these reasons Rhodes village has become one of South Africa's premier trout fly-fishing destinations. The average trout biomass per kilometer of stream is currently estimated to be approximately 15 pounds 6 (6.8 kilograms) (Steynberg, 2008 Figure 1 above) . Most of the streams start 2 800 to 3 300 metres above sea level as unspoiled, freestone streams (Steynberg, 2008) .
Research methodology and data
The hypothesis for this study is that the people who use the environmental service flows provided by the Rhodes trout fishery are willing to pay to enhance the quality of their fishing experience. Recreational fishing trips to Rhodes are 'manufactured' by households through their time allocations and the purchasing of services provided by markets. These actions in turn are integrated with natural resource use (in this case the trout fishery). The natural resource to a large extent exhibits a public good nature. Accordingly, one user's consumption of the fishery's services does not necessarily diminish other users' consumption levels, and if the streams and rivers are not heavily congested with users, then it is less likely to diminish the utility other users derive from consuming their services. In this case, a questionnaire survey can be used to obtain data on the preferences and characteristics of trout fishery users. The survey allows for the direct elicitation of monetary estimates by asking respondents to state the money amount they would be willing to pay to secure an improvement of the environmental service flow in question -this type of study is known as a contingent valuation (CV) (Perman, Ma & McGilvray, 1996) .
Guidelines for performing CV studies are laid out in the Report to the NOAA Panel on Contingent Valuation (see Arrow et al., 1993) . Briefly, the NOAA Report guidelines are as follows:
• The researcher must explain the sampling design process;
• The researcher should attempt to minimise non-responses;
• The researcher should use face-to-face interviews instead of mail or telephone surveys;
• The researcher should conduct a pilot survey to test the survey instrument;
• The researcher should use the willingnessto-pay (WTP) format instead of the willingness-to-accept (WTA) format;
• The valuation question should be the referendum type format;
• The project, environmental good or service being valued should be adequately described;
• Respondents must be reminded of substitutes for the good or service being valued;
• The valuation question must correspond to a future event and not one that has already taken place;
• A follow-up question to the valuation question, which asks the respondent why he/she stated the amount he/she stated, should be included;
• The researcher should ask a variety of different questions that assist in interpreting the WTP values elicited; and
• The researcher should make the respondents aware that they face a budget constraint (Arrow et al., 1993) .
The first step taken in the CV was to determine the target population and sampling frame and select a representative sample from the latter. A problem encountered in this regard was whom to include as non-users in the target population and the sample frame. Non-users, along with users, derive non-use or passive use values from the intangible use of the environment, such as the satisfaction derived from preserving an environmental good (Pearce & Turner, 1990) . Non-use values can be split up into existence, option and bequest values. Existence value is defined as the satisfaction derived by individuals from the preservation of an environmental good although these people might never enjoy consuming it (Pearce and Turner, 1990) . Option value refers to the premium people are willing to pay to retain future use of an environmental good (Hanley & Spash, 1993) . Bequest value is defined as the willingness-to-pay to preserve an environmental good for the potential use and benefit of future generations (Pearce & Turner, 1990) . The problem of which non-users to include could, however, not be satisfactorily resolved in this study. The target population and thus the sample frame estimates are biased in the sense that they understate individual and aggregate WTP as the non-use values of both visitors and non-visitors were not captured in this study.
7
The target population originally comprised all the users of the Rhodes trout fishery, while the sampling frame was defined as fly-fishers who purchase day permits from the WTA in order to gain access to the fishery's waters. By averaging total annual visits to WTA streams from 2002 to 2006, based on individual day permit sales, it was estimated that, on average, 700 fly-fishers visit the Rhodes fishery per year.
With a population size of 700 individuals and a desired level of precision equal to 10 per cent, the minimum required sample size was estimated to be 88 8 (Bartlett et al., 2001 ). The pre-coded questionnaire, used as the survey instrument in this study, was pre-tested during a pilot survey. After the pilot study, the questionnaire was simplified and improved (see Appendix A). A total of 96 respondents were eventually interviewed face-to-face during the period September 2006 to September 2007. Non-responses were zero.
An attempt was made to convey reliable and realistic information to respondents concerning the contingent trout fishing market in question. The CV was carried out to estimate the WTP per annum, by fly-fishers visiting the Rhodes fishery, for a project that will ensure the improvement of the rivers and streams, in order to improve their trout population density by 100 per cent. The improvement project would entail adding cover, by means of the strategic positioning of boulders, half logs and bank covers, to approximately 5 per cent of the stream area, as well as the protection of the riparian corridor by means of fencing. The project will increase the likelihood that the average trout biomass per kilometer of stream increases to 30 pounds (13.64 kilograms) -this represents a doubling of the biomass compared to the status quo. The WTP question corresponded to a potential future event and not one that had already occurred.
Respondents were made aware of substitute sites available for the Rhodes trout fishery in the trout stream improvement project. These substitute sites included fisheries in the Cape, Free State, Mpumulanga, KwaZulu-Natal, Gauteng, Botswana and Zimbabwe.
The questionnaire also contained an explanation of the payment mechanism (i.e. bid vehicle). The choice of the bid vehicle is important since it can influence the mean bid. If entry fees are charged to visit an environmental resource, some respondents may feel this would debase their recreation experience and make protest bids (Mitchell & Carson, 1989) . Protest bids might also be encountered if the bid vehicle used is a tax since respondents are often hostile towards taxes (Hanley, Shogren & White, 1997) . The administered questionnaire stated that respondents would be required to pay an annual fly-fishing levy -this bid vehicle was seen as both realistic and uncontroversial to respondents. Money raised through the annual fly-fishing levies was to be used to finance the project valued. The funds would be collected and administered by the WTA. Respondents were reminded that this amount would be over and above what they already pay to access the fly-fishing services of the Rhodes fishery.
The respondents were also reminded that spending more money on the project would mean that they would have less money to spend on all other goods and services, i.e. they faced a budget constraint. This reminder was given in an attempt to reduce mental account bias. This bias relates to the fact that the sum of the respondents' income, wealth and time is a fixed total which is apportioned across all environmental goods and services (Hanley & Spash, 1993 t . Since the objective of this study was to value use rather than non-use value, rigorous observance of all the recommendations of the NOAA Report is neither necessary nor appropriate. This study thus adopted a payment card approach to elicit each respondent's WTP amount, rather than the referendum type format recommended in the NOAA Report for non-use values. The reasons for choosing this elicitation method are that respondents were familiar with the consumption of the good and the costs of fly-fishing for other types of fish. The use of the payment card method prevents starting point bias 9 since the respondent is presented with a visual aid containing a large set of ordered monetary amounts. Respondents were asked to circle the amount that represented their maximum willingness-to-pay for the project in question. The listed set of monetary amounts was chosen in accordance with the typical expenditure by respondents on other publicly provided services such as those suggested by Hanley and Spash (1993) .
The questionnaire was also prepared to obtain information on: equipment costs incurred per visit; access costs incurred per visit; trout catch rates per visit; the frequency of visits; distances travelled to visit substitute sites; and personal information about the respondent, including age, race, level of education, level of income and gender.
Empirical analysis and results

Estimation of the bid curve
A Tobit model was estimated using the survey data in order to generate a predictive model of individual annual WTP. The Tobit model was preferred since the dependent variable is censored at zero -the use of the ordinary least squares (OLS) model in this case would lead to biased estimators. The parameters of the Tobit model are estimated using the Maximum Likelihood procedure. It involves estimating the parameters in such a manner that the probability of observing the given dependent variable is as high as possible (Gujarati, 2003) .
The predictive model for the m th individual took the following form:
where Y m = the individual annual WTP (Rand), X i = a vector of n explanatory variables,  i is a vector of n parameters to be estimated, and  is the disturbance term. The independent (explanatory) variables included in the model and the a priori expectations for the sign of their influence on WTP are shown in Table 1 below. The selection of the independent variables was based on the recommendations of the NOAA Report (Arrow et al., 1993) and CVM manuals (see for example Mitchell and Carson, 1989; Hanley and Spash, 1993) . Reasons for the hypothesised predicted signs of the coefficient estimates are described below.
Access costs/trip:
It was expected that respondents who incur higher access costs per trip would be willing to pay less for a project aimed at improving parts of the trout waters managed by the WTA. Spending more money to access the fishery implies that the individual has less money available to spend on other things (i.e. he/she faces a budget constraint).
Equipments costs/trip:
It was expected that respondents who spend more on equipment per trip would be willing to pay less for a project aimed at improving parts of the trout waters managed by the WTA. Spending more on equipment implies that the individual has less money available to spend on other things (i.e. he/she faces a budget constraint).
Favourite substitute site:
Respondents who incur higher travel costs to visit their most favoured substitute fishing site were expected to be willing to pay more for a project aimed at improving parts of the trout waters managed by the WTA. Stated differently, if an individual lives in close proximity to a substitute recreational fishery, it can be expected that he/she would be willing to pay less for a trout stream improvement project.
Catch rate/trip:
Respondents who catch more fish per fishing trip were expected to be more willing to pay for a project aimed at improving parts of the trout waters managed by the WTA. Improved catch rates per annum translates into the achievement of a higher level of utility.
Visits/annum:
It was expected that more frequent visitors to the Rhodes fishery would willing to pay more for a project aimed at improving parts of the trout waters managed by the WTA.
Income:
Respondents with higher annual incomes were expected to be willing to contribute more for a project aimed at improving parts of the trout waters managed by the WTA than low-income earners, simply because they have higher levels of disposable income.
Gender:
Female fly-fishers were expected to be willing to pay less for a project aimed at improving parts of the trout waters managed by the WTA than male fly-fishers, since they potentially face a more restrictive budget constraint.
Age:
Older respondents were expected to possess more disposable income than younger respondents and were thus expected to be more inclined to pay for a project aimed at improving parts of the trout waters managed by the WTA.
Education:
Respondents who had attained higher education levels were expected to have a broader understanding of the issue at hand and have higher levels of disposable income and as such it was expected that they would be more inclined to pay for a project aimed at improving parts of the trout waters managed by the WTA.
Race:
The researchers had no expectation as to the direction of the influence of race on individual annual WTP.
The observed 10 mean, median, minimum and maximum values for the dependent and continuous independent variables used in estimating the predictive Tobit model of annual individual WTP (see Equation 1 above) are presented in Table 2 below. The observed mean annual individual WTP to improve trout habitat is R270.49, while the median annual individual WTP to improve trout habitat is R250.50. On average, respondents spend R1 562 and R1 087, respectively, per fishing trip on access fees and equipment. Access costs include beat permit costs and guide and instructor fees. Fly-fishing guides in the Rhodes area charge up to R1 600 per guiding day. Also included in the access costs is a fee that visiting fly fishers pay (i.e. R100 per person per day) to fish the waters managed by the WTA. Respondent ages ranged between 19 and 69 years, with a mean and median age of 41 years. The average respondent earns a gross annual pre-tax income of R848 020 with a minimum income of R60 000 and a maximum income of R1 500 000. Table  2 above also shows the following: fly fishers on average visit the Rhodes fishery 1.6 times per annum and catch on average 35 trout per trip. The average round trip distance cost of respondents visiting their favourite substitute fly-fishing destination is R6 939. Bid curves can be estimated using a onestage or a two-stage procedure. Regardless of the process chosen, it remains very important to estimate a bid function containing all the appropriate explanatory variables for WTP (i.e. the estimation of the complete model). Subsequent to an analysis of the significance of the coefficients in the complete model, another model may be estimated in which only coefficients significant in the complete model are included. The overall explanatory power of this reduced model and the significance of the coefficients may provide more insight into the relationships being examined. A two-stage approach was adopted in this study. The results of the complete Tobit model estimated in Stata 10.1 are shown in Table 3 below. Table 3 above shows that, at the five per cent significance level, only two estimated coefficients are statistically significant in the Tobit model of annual individual WTP to improve trout habitat in the Rhodes fishery for the sample respondents. These were for visits/annum and income. Seven out of the ten explanatory variables had coefficients with the expected signs (see Table 1 ). The estimated coefficient signs for equipment costs/trip, favourite substitute site and gender are contrary to what was expected. Given these contrary results, tests for the presence of multicollinearity in the study data were conducted. The presence of multicollinearity may lead to implausible results and/or wrong coefficient signs (Gujarati, 2003) . More specifically, a correlation matrix of the partial correlation of WTP with all independent variables (see Table 4 below), and a correlation matrix showing the correlation coefficients between all of the independent variables (see Table 5 below) were estimated. Table 4 above indicates the absence of multicollinearity between WTP and the independent variables selected. The analysis of the correlation matrix in Table 5 below shows the lack of obvious dependencies between the explanatory variables selected. Based on the results shown in Tables 4 and 5 above, it may thus be concluded that no serious correlation problem encumbers the bid function estimated. The second stage of the bid function estimation procedure entailed the estimation of a reduced model. Accordingly, the coefficients which were statistically significant (at the five per cent level) in the complete model (see Table 3 above) were used to estimate a reduced Tobit model. The results of the reduced Tobit model estimated in Stata 10.1 are shown in Table 6 below. The complete and reduced Tobit models were compared by using the log-likelihood ratio test. This test is based on the difference in the log-likelihood functions for the complete and reduced models.
The log-likelihood ratio test statistic is given as:
where L R = the log-likelihood value of the reduced model, and L C = the log-likelihood value of the complete model.
The rejection region at the five per cent level of significance is given as:
where v = the number of parameters tested.
The complete Tobit model and the reduced Tobit model yielded log-likelihood values of -575.92077 and -579.92065, respectively. The log-likelihood ratio statistic value was calculated to be 7.99976, while the chi-square ( 2 ) critical value, corresponding to the upper five per cent significance level with eight degrees of freedom, was 15.5073. The log-likelihood ratio test statistic does not exceed the chi-square critical value. The reduced Tobit model is thus preferred, as the null hypothesis cannot be rejected. There is sufficient evidence to infer that none of the independent variables omitted from the reduced Tobit model contributes significant information for the prediction of WTP.
Aggregation of the data
Using the regression results from the reduced Tobit model in Table 6 above, the mean and median annual individual WTP for a project that will improve the trout habitat of the waters of the Rhodes fishery managed by the WTA are estimated in this section. The observed mean and median values for the selected explanatory variables, provided in Table 2 above, were used to predict the mean and median annual individual WTP, respectively. Table 7 below summarises these results. The mean annual individual WTP is R16 higher than the median annual individual WTP. The total WTP per annum for a trout stream improvement project in the waters managed by the WTA was estimated using the median annual individual WTP value instead of the mean annual individual WTP value as it provides a more accurate and conservative estimate (Hanley & Spash, 1993) . Given the target population of 700 trout fly-fishers, the total WTP for improving the trout waters managed by the WTA in the Rhodes fishery is R171 500 per annum. The estimation of the aggregate WTP for trout stream improvement, however, constitutes a partial analysis of value which should be applied in broader decision-making. The latter requires that a comprehensive social cost-benefit analysis be conducted in which the private and social costs of trout stream improvement be identified and valued, where possible, and compared with the value estimates generated in this study. Thus, caution should be applied to viewing the results of this study as an unqualified endorsement of trout habitat improvement.
Conclusion
The integrity (in terms of trout habitat) of the Rhodes trout fishery, which is a source of income and tourism-related jobs, is under threat due to various land-use practices. The objective of this study was to estimate the willingness-to-pay for a project that would improve the trout habitat of the Rhodes fishery in order to improve its fish population density by 100 per cent, based on a survey of respondents that use trout waters managed by the Wild Trout Association. The improvement project would entail adding cover, by means of the strategic positioning of boulders, half logs and bank covers, to approximately 5 per cent of the stream area, as well as the protection of the riparian corridor by means of fencing. The project will increase the likelihood that the average trout biomass per kilometer of stream increases to 30 pounds (13.64 kilograms) -this represents a doubling of the biomass compared to the status quo. An increase of in situ cover and streambank vegetation due to stream improvement would lead to a higher carrying capacity, thereby increasing the density of trout stock, making it easier for fly fishers to catch fish, and thus enhancing the quality of the recreational trip.
Estimates of the value of catching more fish, especially trout, are important from a resource policy point of view. Recent government legislation (i.e. the National Environmental Management: Biodiversity Act, No. 10 of 2004), which calls for the complete eradication of trout from certain South African catchments, could have a detrimental effect on the people who are dependent on these trout for their livelihoods. Monetary estimates that reflect peoples' preferences for catching more trout can assist in fishery management decisions, such as awarding zoning rights for trout fisheries in upper catchments. These estimates can also be of use in comprehending the benefits associated with water quality improvement projects (McConnell & Strand, 1994) .
The sample respondents were each willing to pay R245 per annum for the project in question. Given the target population of 700 fly-fishers, the aggregate willingness-to-pay for improving the trout waters managed by the Wild Trout Association (WTA) in the Rhodes fishery is R171 500 per annum. A Tobit model valuation function to predict willingness-to-pay responses was also estimated, and showed that gross annual pre-tax income and the number of visits per annum were positive determinants of willingness-to-pay.
This conclusion is subject to two important qualifications. First, non-use values for both users and non-users of the waters managed by the WTA were not captured in this study due to the difficulties encountered in identifying all affected users and non-users. This analysis could, therefore, be criticised as reporting individual and aggregate willingness-to-pay estimates that are considerably understated. Second, it should be borne in mind that this study constitutes a partial analysis of value which should, ideally, be applied in wider decision-making. To this end, the private and social costs of trout stream improvement must, ideally, be analysed and compared in a social cost-benefit setting with the value estimates generated in this study. Thus, caution should be applied to viewing the results of this study as providing categorical support for trout habitat improvement. 
